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DETAILED ACTION 

This action is responsive to papers filed 07/20/2009. Claims 53-56, 62, 65-70 and 
76 have been amended. No claims have been newly added or newly canceled. 
Currently claims 53-63 and 65-77 are pending. 

Rejections and/or objections not reiterated from previous office actions are 
hereby withdrawn. The following rejections and/or objections are either reiterated or 
newly applied. They constitute the complete set presently being applied to the instant 
application. 



Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1 , 148 
USPQ 459 (1966), that are applied for establishing a background for determining 
obviousness under 35 U.S.C. 103(a) are summarized as follows: 
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1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 
obviousness or nonobviousness. 

This application currently names joint inventors. In considering patentability of 
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 
the various claims was commonly owned at the time any inventions covered therein 
were made absent any evidence to the contrary. Applicant is advised of the obligation 
under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 
not commonly owned at the time a later invention was made in order for the examiner to 
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 
prior art under 35 U.S.C. 1 03(a). 

Claims 53-63 and 65-77 remain rejected under 35 U.S.C. 103(a) as being 
unpatentable over Mizuno et al (US 6,949,252 B2) in view of Sah et al (US 
2003/0077821), Anseth et al (Journal of Controlled Release 2002), Cooke et al (US 
5,916,585) and Spiro et al (US 6,773,723). 

The rejection has been modified to address the new limitations of the amended 
claims. 

Amended claim 53 is drawn to a method of producing a multi-layered tissue 
construct in vivo comprising: providing a first polymerizable mixture which comprises a 
first polymerizable material and first cells; providing a second polymerizable mixture 
which comprises a second polymerizable material; placing a volume of the first mixture 
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in an osteochondral the tissue space wherein the first polymerizable mixture is in direct 
contact with the osteochondral tissue underneath, then crosslinking the first 
polymerizable material until the material is partially gelled to form a first layer of 
hydrogel; placing a volume of the second mixture in the tissue space, then crosslinking 
the second polymerizable material until the second material is partially gelled to form a 
second layer of hydrogel; and additionally crosslinking the first and second 
polymerizable materials until the layers further polymerize to form an integrated multi- 
layered hydrogel; wherein the first and second hydrogels each independently consist 
essentially of a hydrophilic and synthetic polymer network with high water content. 

Dependent claims include the types of cells used, addition of bioactive 
substances, wherein crosslinking is controlled by exposure to external radiation and an 
additional step of adding a suspension of cells to a surface of the partially gelled first 
layer before the step of placing the second polymerizable mixture in the tissue space. 

Amended claim 66 is now drawn to a method of producing a multi-layered tissue 
construct in vivo comprising: providing a first polymerizable mixture which comprises a 
first polymerizable material and first cells; providing a second polymerizable mixture 
which comprises a second polymerizable material; providing a third polymerizable 
mixture which comprises a third polymerizable material; wherein at least one of the 
second and third polymerizable mixtures further comprises cells; placing a volume of 
the first mixture in the osteochondral tissue space wherein the first polymerizable 
mixture is in direct contact with the osteochondral tissue underneath, then crosslinking 
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the first material until forming a gelled first layer of hydrogel; and placing a volume of the 
second mixture in the tissue space, then crosslinking the second material until the 
second material is gelled to form a second layer of hydrogel; repeating with the third 
mixture to form a third layer and additionally crosslinking the first and second 
polymerizable materials until the layers further polymerize to form an integrated multi- 
layered hydrogel; wherein the first, second and third hydrogels each independently 
consist essentially of a hydrophilic and synthetic polymer network with high water 
content. 

Dependent claims include the types of cells used, addition of bioactive 
substances and a polymerization initiator and the formation of the layers. 

The transitional phrase "consisting essentially of limits the scope of a claim to 
the specified materials or steps "and those that do not materially affect the basic and 
novel characteristic(s)" of the claimed invention. For the purposes of searching for and 
applying prior art under 35 U.S.C. 103, absent a clear indication in the specification or 
claims of what the basic and novel characteristics actually are, "consisting essentially 
of will be construed as equivalent to "comprising." See, e.g., PPG, 156 F.3d at 1355, 48 
USPQ2d at 1355 ("PPG could have defined the scope of the phrase 'consisting 
essentially of for purposes of its patent by making clear in its specification what it 
regarded as constituting a material change in the basic and novel characteristics of the 
invention."). 

Mizuno teaches compositions and methods for preparing tissues and tissue 
constructs which include multi-layered systems comprising at least two layers (column 9 
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line 67). The process of placing a polymer material in a lesion (in vivo) comprising a 
subchondral bone in situ and, without waiting for it to fully polymerize, then placing neo- 
cartilage (chondrocyte seeded matrix) into position that is held in place by the first 
polymer, then applying a second polymer in a form that rapidly polymerizes (column 13 
lines 40-50) is taught and shows in vivo production of a multi-layered tissue construct. 
Desirable features of the cellular support layer include hydrophilicity (column 10 lines 
39-41 ). The layers of the system are taught to not be limited to any specific material or 
formulation (column 10 lines 45-47, column 111 lines 53-55, column 12 lines 64-66) and 
suitable polymerizable materials include synthetic polymers such as those taught by 
Applicant (i. e. polyethylene glycol-Applicant's Specification page 27 paragraph 110). 

Cells are present in at least one layer of the construct, but may also be present in 
three layers and may include three cell types (column 22 line 10- 32). The cellular layers 
are formed from a polymerizable mixture that forms a solid gel by crosslinking (column 
1 1 line 50- column 12 line 8). The addition of growth factors to the first and second layer 
is taught (column 10 line 5). The use of autologous cells is taught (column 25 lines 36- 
37) as well as chondrocytes (column 2 line 40). 

Mizuno et al repeatedly states that the reference method is not to be limited to 
specifically disclosed embodiments (column 2) and that the multilayered design may be 
fabricated into a variety of forms (column 9). Mizuno et al also specifically suggests 
wherein the integration layer (the layer put into direct contact with the tissue to be 
repaired or first applied) may also include cells and growth factors if needed (column 23 
lines 20-25). This teaching is not limited to skin lesions as the integration layer in 
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general is taught not to be limited to any specific mechanism of action and may be 
configured in many different ways (column 1 2 line 1 1 - column 1 3 line 25). In addition, 
Mizuno et al specifically teaches that the production of tissues that substantially 
reproduce the anatomy and physiology of native tissue is desired and this would include 
tissue constructs wherein the first polymerizable mixture comprises cells. 

Clearly it would have been a matter of routine optimization and experimentation 
to include cells in the first layer of the tissue construct, the artisan of ordinary skill 
motivated to achieve an engineered construct that mimics the architecture found in vivo 
as well as one that performs the best and provides the best repair results for the 
individual patient. 

Mizuno teaches using ultraviolet radiation to crosslink the polymerizable mixture 
(column 12, line 6). The process of placing polymer material in a osteochondral tissue 
lesion and, without waiting for it to fully polymerize, then placing neo-cartilage 
(chondrocyte seeded matrix) into position that is held in place by the first polymer, then 
applying a second polymer in a form that rapidly polymerizes (column 13 lines 40-50) is 
taught and shows in vivo production of a chondrocyte containing tissue construct. 

Mizuno does not specifically teach producing the construct with a photoinitiator, 
mixing the polymer with second or third cells for in vivo formation of the construct or 
additionally crosslinking until the layers further polymerize to form an integrated multi- 
layered matrix. Mizuno does not specifically teach using a hydrogel to form the layers of 
the construct. 
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Sah et al teaches methods of forming engineered stratified cartilage tissue and 
states that "supplying cells with proper zonal phenotype to their respective zones in 
engineered tissue can reduce the time of tissue maturation by reducing the need for 
cellular migration and/or differentiation in the tissue" (page 1 1 para 96). An engineered 
construct with stratification that mimics native cartilage is taught to be particularly useful 
for repair of cartilage defects (page 1 1 para 97). Sah et al includes chondrogenic cells 
in each layer of the engineered construct (page 1 1 , claim 1 ) as well as additional cells in 
the first layer (page 3 para 29) and teaches that additional layers are not to be added 
until the current layer coalesces (page 9 para 82) 

Anseth teaches that medical applications benefit from the ability to fabricate 
polymers in situ such that adhesion of the polymer to surrounding tissue is generally 
significantly improved because of intimate contact of the polymer with the tissue during 
formation and the resulting mechanical interlocking that can arise from surface 
microroughness. In addition, the invasiveness of some surgical techniques is minimized 
as liquid solutions are easily introduced through needle injections and can be 
photocured with fiber optic cables using arthroscopic techniques (page 200 column 1). 
Photoinitiated polymerizations overcome many limitations of in situ polymerization since 
the initiation does not require elevated temperatures, and the polymerization rate is 
sufficiently rapid, occurring over a short time period, which allows the system to 
overcome oxygen inhibition and moisture effects (page 200 column 1). In tissue 
cartilage engineering, photopolymerization provides many benefits including rapid 
polymerization times under physiological conditions with temporal and spatial control 
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over the polymerization. In situ forming hydrogels are attractive for their high water 
content and tissue-like elastic properties (page 207, column 1). 

One of ordinary skill in the art would have been motivated to include a 
photopolymerizable polymer and a photoinitiator in the method of Mizuno because 
Anseth teach that they are suitable for polymerizing encapsulated cells in the repair of 
cartilaginous tissue and Mizuno is also teaching cartilage repair. One of ordinary skill in 
the art would have had a reasonable expectation of success because Mizuno suggests 
the use of chemicals and radiation for solidifying the cellular support matrix (column 12). 
One of ordinary skill in the art would have been motivated to include hydrogels with a 
high water content in the method of Mizuno because Anseth teaches that these 
materials provide a tissue-like elastic property. One of ordinary skill in the art would 
have had a reasonable expectation of success because Mizuno teaches that polymer 
materials known in the art of making tissue constructs are suitable and specifically 
suggests hydrophilic polymer materials that gel are desirable as well. 

One of ordinary skill in the art would have been motivated to mix the polymer with 
second or third cells for in vivo formation of the construct or additionally crosslinking to 
form an integrated multi-layered matrix because Anseth teaches the advantages of in 
situ (and inherently in vivo) formation of an engineered tissue construct. Additional 
motivation to provide a layered construct that contains cells in each layer polymerized 
separately is provided by Sah et al since "supplying cells with proper zonal phenotype to 
their respective zones in engineered tissue can reduce the time of tissue maturation by 
reducing the need for cellular migration and/or differentiation in the tissue". One of 
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ordinary skill in the art would have had a reasonable expectation of success because 
Mizuno does teach at least one embodiment with in vivo formation of the multi-layered 
tissue construct and the prior art references teach that methods using hydrogels for 
tissue engineering and photopolymerization are successful in the repair of cartilaginous 
tissue. 

Cooke et al teach materials and methods for the immobilization of bioactive 
species onto biodegradable polymers. The bioactive species are taught to include 
mammalian cells (column 4 lines 5-16) and multi-layered polymers wherein the layers 
are crosslinked by photon irradiation (column 13 lines 34-column 14 lines 23) are also 
taught to be desirable as well. 

Spiro et al teach bilayer matrices for tissue regeneration wherein the layers are 
attached to each other by either mechanical adhesion or chemical cross-linking by 
cross-linking agents (column 1 lines 30-58). The addition of growth factors (column 2 
lines 40-67) as well as autologous cells encapsulated within the matrix are taught as 
well (column 3 lines 1-15). Application of the matrices at an osteochondral site is also 
taught (column 4 lines 5-14). 

Therefore, one of ordinary skill in the art would have been motivated to attach the 
layers of the multi-layered construct of Mizuno et al by further crosslinking the layers as 
both Cooke et al and Spiro et al teach that this is a desirable step in the formation of a 
multi-layered polymer construct intended for tissue repair. One of ordinary skill in the art 
would have been motivated to use photon irradiation for the cross-linking because 
Cooke et al teach that this is a suitable catalyst for crosslinking multi-layered constructs 
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(column 14 lines 6-11). One of ordinary skill in the art would have had a reasonable 
expectation of success because Mizuno et al, Cooke et al and Spiro et al were all drawn 
to making multi-layered polymer constructs for tissue regeneration using many of the 
same polymers and cell types. 

Therefore, the combined teachings of Mizuno et al , Sah et al, Anseth et al, 
Cooke et al and Spiro et al render obvious Applicant's invention as claimed. 



Response to Arguments 

Applicant's arguments filed 7/20/2009 have been fully considered but they are 
not persuasive. 

Applicant argues that because Mizuno includes a sponge-like matrix in the 
reference tissue construct that the claimed invention is not rendered obvious because it 
is composed of hydrogels which are not sponge-like. Applicant asserts that one skilled 
in the art would readily understand that such hydrogels do not form sponge-like 
structures. 

This is not found persuasive because Mizuno seeds the sponge matrix with a gel 
composition that contains cells (column 11 lines 48- column 12 Iine10) and therefore 
includes a layer with a gel/sponge combination. Mizuno also indicates that the cellular 
support layer is not to be limited to any specific material or formulation (column 10 lines 
45-47) thus suggesting that other materials and formulations known in the art are 
suitable for use as well (such as the hydrogels taught by Anseth). Mizuno's definition of 



Application/Control Number: 1 0/681 ,753 Page 1 2 

Art Unit: 1657 

matrix only requires that it contain a plurality of pores, not that a hydrogel would be 
unsuitable. Evidence of this is shown by Mahmood et al (US 6,656,489 column 6 lines 
15-24) which demonstrate that porous hydrogels for engineering cartilage are known in 
the art. In addition, it does not appear from Applicant's disclosure that the addition of 
such a matrix is excluded from the claimed invention by the transitional phrase 
"consisting essentially of as long as a hydrogel is included as well. 

Applicant argues that Mizuno teaches that the matrix is prepared first and the 
living cells added afterwards and thus the cellular support matrix is not crosslinked in 
vivo as in the claimed invention. 

This is not found persuasive because Mizuno et al repeatedly states that the 
reference method is not to be limited to specifically disclosed embodiments (column 2) 
and that the multilayered design may be fabricated into a variety of forms (column 9). 
The process of placing a polymer material in a lesion (in vivo) comprising a subchondral 
bone in situ and, without waiting for it to fully polymerize, then placing neo-cartilage 
(chondrocyte seeded matrix) into position that is held in place by the first polymer, then 
applying a second polymer in a form that rapidly polymerizes (column 13 lines 40-50) is 
taught and shows in vivo production of a multi-layered tissue construct. Since the 
teachings of Cooke and Spiro also recommend the in vivo crosslinking of layered 
polymers, sufficient motivation for one of ordinary skill in the art to do so is present. 

Applicant argues that there is no motivation in the applied references which 
suggest modifying the disclosed methods to include Applicant's claimed method as 
amended. 
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This is not found persuasive for several reasons. First, Mizuno et al repeatedly 
states that the reference method is not to be limited to specifically disclosed 
embodiments (column 2) and that the multilayered design may be fabricated into a 
variety of forms (column 9). Second, Mizuno et al specifically suggests wherein the 
integration layer (the layer put into direct contact with the tissue to be repaired or first 
applied) may also include cells and growth factors if needed (column 23 lines 20-25). 
This teaching is not limited to skin lesions as the integration layer in general is taught 
not to be limited to any specific mechanism of action and may be configured in many 
different ways (column 12 line 11- column 13 line 25). Third, Mizuno et al specifically 
teaches that the production of tissues that substantially reproduce the anatomy and 
physiology of native tissue is desired and this would include tissue constructs wherein 
the first polymerizable mixture comprises cells (as taught by Sah et al and discussed 
above). Clearly it would have been a matter of routine optimization and experimentation 
to include cells in the first layer of the tissue construct, the artisan of ordinary skill would 
be motivated to achieve an engineered construct that mimics the architecture found in 
vivo as well as one that performs the best for the individual patient. An artisan of 
ordinary skill in the art of preparing implantable multilayered tissue constructs has good 
reason to pursue the known options within his or her technical grasp {KSR International 
Co. v. Teleflex Inc., 82 USPQ2d 1385 (US 2007). 

Applicant argues that the secondary references fail to cure the deficiencies of 
Mizuno et al in view of the amended claims. Applicant asserts that the Spiro reference is 
limited to natural polymeric materials in a sponge format. Applicant asserts that Cooke 
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is directed to hydrophobic biodegradable polymeric materials having one surface 
attached to a layer of a hydrophilic polymer. Sah discloses compositions made of 
natural polymers. Anseth is directed to a mono-layer hydrogel prepared in situ via 
photopolymerization. Applicant asserts that none of these references discloses a 
hydrophilic synthetic polymer network with high water content as claimed. 

In response to applicant's arguments against the references individually, one 
cannot show nonobviousness by attacking references individually where the rejections 
are based on combinations of references. See In re Keller, 642 F.2d 413, 208 
USPQ 871 (CCPA 1981); In re Merck & Co., 800 F.2d 1091, 231 USPQ 375 (Fed. Cir. 
1986). 

The secondary references are included in the obviousness rejection to show that 
those modifications to tissue repair methods (such as those claimed by Applicant) are 
known in the prior art to have certain advantages that would make them desirable and 
applicable to the tissue repair method of Mizuno et al. 

The test for obviousness is not whether the features of a secondary reference 
may be bodily incorporated into the structure of the primary reference; nor is it that the 
claimed invention must be expressly suggested in any one or all of the references. 
Rather, the test is what the combined teachings of the references would have 
suggested to those of ordinary skill in the art. See In re Keller, 642 F.2d 413, 208 
USPQ 871 (CCPA 1981). 

Mizuno is very explicit that methods and materials known in the art are suitable 
for inclusion in the method. Since the teachings of Spiro, Cooke, Sah, and Anseth are 
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all directed to the production of tissue constructs for repair of damaged tissue using 
many of the same polymers and cell types, the modification of the Mizuno method with 
these teachings is deemed to be obvious. Mizuno states that materials known in the art 
are suitable for use in the reference method, Anseth states that hydrogels with a high 
water content are attractive for their tissue-like elastic properties and the teachings of 
Cooke and Spiro also recommend the in vivo crosslinking of layered polymers. Barring 
sufficient evidence of unexpected results, there does not appear to be anything non- 
obvious about the combination of these elements. 

In submitting evidence asserted to establish unobvious results, there is a burden 
on an applicant to indicate how the examples asserted to represent the claimed 
invention are considered to relate to the examples intended to represent the prior art 
and, particularly, to indicate how those latter examples do represent the closest prior 
art. See In re Borkowski, 595 F.2d 713, 184 USPQ 29 (CCPA 1974); In re Goodman, 
339 F.2d 228, 144 USPQ 30 (CCPA 1964). 

The evidence relied upon should also be reasonably commensurate in scope 
with the subject matter claimed and illustrate the claimed subject matter "as a class" 
relative to the prior art subject matter "as a class." In re Susi, 440 F.2d 442, 169 USPQ 
423 (CCPA 1971); In re Hostettler, 429 F.2d 464, 166 USPQ 558 (CCPA 1970). See, 
also, In re Lindner, 457 F.2d 506, 173 USPQ 356 (CCPA 1972). 

It should also be established that the differences in the results are in fact 
unexpected and unobvious and of both statistical and practical significance. In re 
Merck, 800 F.2d 1091, 231 USPQ 375 (Fed. Cir. 1986); In re Longi, 759 F. 2d 887, 225 
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USPQ 645 (Fed. Cir. 1985); In re Klosak, 455 F2d 1077, 173 UAPQ 14 (CCPA 1972); In 
re D'Ancicco, 429 F.2d 1244, 169 USPQ 303 (CCPA 1971). Ex parte Gelles, 22 
USPQ2d 1318 (BPAI 1992). 



Conclusion 

No claims are allowed. 

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 
policy as set forth in 37 CFR 1 .136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1 .136(a) will be calculated from the mailing date of 
the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the mailing date of this final action. 
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Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Laura Schuberg whose telephone number is (571)272- 
3347. The examiner can normally be reached on Mon-Fri 8:00-4:30. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Manjunath N. Rao can be reached on (571) 272-0939. The fax phone 
number for the organization where this application or proceeding is assigned is 571- 
273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Leon B Lankford/ 

Primary Examiner, Art Unit 1651 

Laura Schuberg 
Examiner 
Art Unit 1657 



